INTRODUCTION
The crystal structures of the various In 2 Se 3 polymorphs (1-6) have been not reported so far with the exception of two older papers on Ͱ-, ͱ-, and Ͳ-In 2 Se 3 (7, 8) . After Osamura et al. (7) , Ͱ-and ͱ-In 2 Se 3 crystallize in layer structures with indium in tetrahedral and octahedral holes formed by selenium, respectively. Likforman et al. (8) determined the structure of Ͳ-In 2 Se 3 revealing two different indium sites, viz. tetrahedrally coordinated In 3ϩ ions and those in a trigonal bipyramidal coordination. These results, however, were only qualitatively considered to be confirmed (9) . Thus, it was concluded from the densities of the polymorphs under discussion that the coordination of the In 3ϩ ions is equal for Ͱ-and ͱ-In 2 Se 3 but larger than in the case of the Ͳ modification (5) . Additional X-ray structure studies promised at that time (5) failed because of multiple twinning of the crystals obtained. Furthermore, the phase relationships of the In 2 Se 3 polymorphs are not fully established. In the older literature as well as that by Likforman et al. (2) (in contrast to Likforman et al. (8) ) and by Julien et al. (3) , Ͳ-In 2 Se 3 was claimed to be a high-temperature modification. In 1988, we argued for Ͳ-In 2 Se 3 as the roomtemperature polymorph (5) . Full confirmation of this reverse order, however, is lacking until now. In some recent papers (6, 10) this problem was negated.
The structure data reported by Likforman et al. (8) give no hints on the normally observed twinning of this compounds although the reliability factor of the refinement (R ϭ 0.066 for I Ͼ 2 I ) reveals some problems with the crystal studied. We therefore redetermined the crystal structure of Ͳ-In 2 Se 3 .
Ͳ-In 2 Se 3 crystallizes in the enantiomorphous space groups P6 1 or P6 5 with 6 formula units in the unit cell. The specimen studied by Likforman et al. (8) belonged to space group P6 1 . We obtained twins showing Laue symmetry 6/mmm (possible space groups P6 1 22 or P6 5 22 with respect to the reflection condition 00l with l ϭ 6n) as well as crystals showing small deviations from Laue symmetry 6/mmm resulting in 6/m (possible space groups P6 1 or P6 5 ).
EXPERIMENTAL
Crystals of Ͳ-In 2 Se 3 were grown by chemical vapor transport in closed silica tubes using iodine as the transporting agent (11) (12) (13) . The transport occurs from the cold to the hot zone, i.e., from 700 to 800 K (13). The transporting rate depends strongly on the I 2 concentration in the tube. Using 5 mg/cm 3 , crystals as large as 2 mm in diameter were obtained within 2 days. The typical habit of the black (dark red in transmission) crystals were hexagonal pyramids, hexagonal bipyramids, and some amounts of small plates. The composition of one of the crystals has been determined by a microprobe (Cam Scan 44 with EDAX detector) to be 60.7 mol% Se (calc. 60 mol%) and 39.3 mol% In (40 mol%).
Various small plates were transferred to an EnrafNonius CAD 4 diffractometer. Graphite-monochromatized MoKͰ radiation was used. The intensity data were corrected for Lorentz and polarization effects with NRCVAX (14) . Empirical absorption corrections were performed by scans. The variations in intensity throughout the data collection were less than 1%. The structure was refined by full-matrix least-squares refinement of positional and anisotropic thermal parameters, extinction coefficient, and scale factor using scattering factors for neutral atoms (15) using the program SHELXL-93 (16) . In the last stage, racemic twinning has been taken into consideration. Additional twinning by a mirror plane, e.g. parallel to (010), or by the equivalent twofold rotation axis, e.g. parallel to [100], was refined.
RESULTS AND DISCUSSION
The refinements converged to a final R1 of 5.64% for 1602 unique reflections (I Ͼ 2 I ) of the nearly monocrystal specimen 2, data set 2, regarded as a monocrystal, and to 5.59% for its refinement as a rotation twin (relative volume 98.4 and 1.6(2)%), and to 3.15% for 1553 reflections for specimen 1, refined as racemic and rotation twin, data set 1. The crystallographic data and the data of structure refinement of specimen 1 are given in Table 1 . A final decision on the real twinning symmetry element of the obtained crystals is not possible.
The structure data obtained for the various refinements only differ within the range of experimental errors. The final results for specimens 1 and 2 are listed in Table 2 together with those reported by Likforman et al. (8) for comparison; the anisotropic displacement parameters are given in Table 3 and selected bond lengths and angles are given in Table 4 . 1 The two InSe n polyhedra are shown in Fig. 1 and the arrangement of the polyhedra in the structure are shown in Fig. 2 . Three isostructural sulfides, viz. Al 2 S 3 (tbp), AlInS 3 , and GaInS 3 , and isostructural GaInSe 3 have been reported recently (18-21).
As already described in (8), the structure of Ͳ-In 2 Se 3 is built up by distorted In(1)Se 5 trigonal bipyramids and In(2)Se 4 tetrahedra. These polyhedra are connected by common corners and edges resulting in a distorted wurtzite-type-like arrangement (18) . In the crystal structure of Ͳ-In 2 Se 3 two different screws are built up by the 6 1 axis. One is formed by corner sharing In(2)Se 4 tetrahedra, and the other by In(1)Se 5 trigonal bipyramids sharing common edges. The screws of one type are interlinked only by those of the other type and vice versa.
The In-Se equatorial distances vary from 257.7 to 262.2 pm, and the axial distances from 287.4 and 297.4 pm (trigonal bipyramid) and 255.2-263.4 pm (tetrahedron), with Se-In-Se angles ranging from 94.55Њ to 118.88Њ (tetrahedron). Those of the InSe 5 polyhedron do not largely deviate from 90Њ, 120Њ, and 180Њ, respectively (see Table 4 ).
The structure proposed for Ͳ-In 2 Se 3 by Likforman et al. (8) and, hence, the coordination numbers of the two kinds of In 3ϩ ions, viz. 4 and 5, are confirmed (see Table 4 ). This means that because of the higher densities the coordination numbers of both the Ͱ-and ͱ-polymorphs must be greater, i.e., probably 6, than those of the Ͳ modification. These conclusions are in agreement with the results of infrared and Raman spectroscopic measurements, which reveal higher frequency lattice modes and, hence, lower coordination numbers of the In 3ϩ ions in Ͳ-In 2 Se 3 compared to those of the Ͱ, ͰЈ, ͱ, and ͱЈ polymorphs (5, 17) . The results of Osmura et al. (7) , namely that the indium ions of Ͱ-In 2 Se 3 are located in tetrahedral sites, therefore must be doubted.
